HE testing of the penetrability of dentin with substances more like those normally occurring in the mouth is made possible by the availability of the isotope-labeled compounds nicotinamide, urea, thiourea, and acetamide (Murray, Foreman, and Langham 1947 , Murray and Ronzio 1949 , Bills and Ronzio 1950 . As has been pointed out by Bodecker and Lefkowitz (1946) , these compounds are very useful in permeability studies. They do not ionize readily and thus are not influenced as much in their penetration by the presence of electric charges as are inorganic compounds (Klein 1932) . A diffuse and unusually rapid penetration of these compounds has been observed in enamel (Wainwright and Lemoine 1950, Wainwright 1954) .
Twenty-one unfixed and five formol-fixed extracted human teeth were embedded in Selectron (Wainwright 1949B) . The pulp chambers were opened, pulp tissue removed, and the teeth immersed in distilled water at 50 C. until used. At the time of the experiment the tooth was dried with air blast and the pulp chamber filled with the radioactive solution. The solutions were adjusted so that the activity was approximately 1 mc. per milliliter. The specific activities of the compounds were: nicotinamide, 35 uc per milligram; urea, 55.6 Gc per milligram; thiourea, 4 ,c per milligram; acetamide, 50 Ike per milligram. The tooth was stored in a humid atmosphere for the times noted in the tables. Upon removal from the humidifier, part of the excess solution was recovered by washing the pulp chamber with a stream of approximately 15 ml. distilled water within thirty seconds. The sections were cut and surfaced under oil. Survey radioautographs (Wainwright 1949A) were exposed for a constant time of four days.
CU4-Nicotinamide.-The distances penetrated from the pulp chamber in ten specimens in periods from eighteen minutes to two days are listed in Table I . It is surprising to find that within eighteen minutes nicotinamide has traveled 3.7 mm. and reached the dentoenamel junction. Every tooth showed at least one area in which the nicotinamide had penetrated 3.5 mm. or more. The five teeth showed a remarkably uniform response in that all were penetrated to the dentoenamel junction. $Mesial caries into dentin. §Occlusal fissure caries of enamel. I I Extracted two days before experiment; kept in moist gauze one day. Embedded in Selectron one day before experiment.
¶Extracted three days before experiment; kept in moist gauze two days. Embedded in Selectron one day before experiment.
Typical radioautographs and their respective specimens are shown for each time period in Fig. 1 . Although the radioactive nicotinamide penetrated to the dentoenamel junction in each of the teeth, the areas of penetration are narrow in the shorter times. In the sixty-minute and two-day radioautographs, the dentin of the entire crown is permeated. A metamorphosed tract under the buccal cusp of the two-day specimen was not penetrated.
C14-Urea.-Shorter periods of time were observed in the experiments with radioactive urea. The values for sixteen specimens from seven unfixed and five formol-fixed teeth are given in Table II . The seven-minute specimen was penetrated a distance of 1.6 mm., nearly halfway through the dentin. Greater proportions of the dentin thickness were penetrated in the eleven-minute subsequent specimens. No difference can be seen due to the effect of formol fixation.
Examples from the series of radioautographs are shown in Fig. 2 . Urea shows the same ability to penetrate dentin rapidly. At first the urea follows rather narrow bands to the dentoenamel junction, and in the three-day radioautograph-the entire dentin is filled out. The various portions of the first and last specimens are completely penetrated. A few zones radiating from the pulp chamber are not penetrated, which is especially noticeable in the last three radioautographs.
S35-Thiourea.-Thiourea penetrated very rapidly; in seven minutes it went through 1.4 mm. of dentin, which was over halfway to the dentoenamel junction. The values are listed in Table III . After thirty-eight minutes the entire dentin thickness was penetrated.
Typical radioautographs are shown in Fig. 3 . The teeth of this series are all from the same patient, aged 60 years, and the radioautographs show a decided tendency for penetration along zones rather than uniformly throughout the entire dentin of the crown. This tendency, although less pronounced than that reported for dyes, may indicate an age change in the dentin which effects the penetration of small molecules as well as large Lefkowitz 1946, Berggren 1947) . Urea penetration is much more rapid than that of dyes, however, and progresses with time, as illustrated, for periods from seven minutes to sixty-seven minutes. the day before, were treated with C14-labeled acetamide for periods of six minutes to three days at 370 C. The distances penetrated in the eight sections are listed in Table IV . One-third (1.1 mm.) of the dentin thickness was penetrated in six minutes. In the next specimen the dentin was penetrated (4.1 mm.), the dentoenamel junction passed, and the enamel faintly penetrated a distance of 2.1 mm. within twenty-two minutes. This rapid penetration was duplicated in the thirty-four-minute, sixty-three-minute, and three-day specimens. When plotted, the curve of penetration approximates a straight line from the pulp chamber at zero time to the dentoenamel junction in about ten minutes and to the surface of the enamel in twenty-five minutes. The typical radioautographs in Fig. 4 show the comparatively rapid spread of acetamide from the pulp chamber through the dentin into the enamel. Even in the first radioautograph there is a weak diffuse exposure over the entire coronal dentin. The dense area of exposure extends 1.1 mm. into the dentin. The twenty-two-minute radioautograph shows a definite exposure over the entire dentin but is lighter under the cusps. The thirty-two-minute radioautograph shows a weak penetration through the entire thickness of the enamel. The density over the enamel is greater in the sixty-three-minute radioautograph, while after three days, there is a piling up of acetamide at the enamel surface.
The three-day radioautograph shows dense penetration in lines suggestive of tufts from the dentoenamel junction into the inner layer of enamel. The middle layers of enamel are densest in lines corresponding to the bands of Schreger. The outer portions of the enamel are less densely penetrated.
DISCUSSION
Since dentin contains tubules which extend from the pulp to the dentoenamel junction and normally are not closed with calcified material, it is not surprising that relatively large particles or molecules, such as ink and dyes, penetrate human dentin.
Experiments on human teeth have usually been conducted for the purpose of studying enamel penetration, and the times have extended for many days. Bodecker and Lefkowitz (1937) observed the in vivo passage of dyes through the dentin of human teeth after experimental periods of seven to forty days. Berggren (1947) sealed dyes in human teeth for periods such as nine days. Bartelstone (1950) has investigated in vivo penetration of I131 for periods of twelve hours. (See review by Leicester [1949] .) It is surprising, however, to find that an extracted human tooth can be penetrated to the extent of 4.1 mm. of dentin plus 2.1 mm. of enamel in twenty-two minutes. It would be most valuable to know what the performance of these compounds would be in vivo. Bodecker and Lefkowitz (1937) emphasized the differences between experiments performed in vivo and on extracted teeth. They note that "the removal of the dental pulp temporarily increases the permeability of the dental tissue.
With the advent of labeled compounds of a type which would normally occur in the oral environment, it is possible to design experiments to determine the rates of physiologic changes in the teeth. At present it can only be said that pathways exist for many types of profoundly important processes heretofore considered as being of academic interest only. New and precise tools are at hand for the study of the ways in which vital processes use these pathways. SUMMARY 1. Isotope-labeled solutions of nicotinamide, urea, thiourea, and acetamide were tested for their ability to penetrate dentin by placing them in the cleaned pulp chambers of extracted human teeth. Twenty-one unfixed and five formolfixed teeth were treated, stored in a humid atmosphere, and, after periods of six minutes to three days, were sectioned under oil and examined radioautographically.
2. C14-nicotinamide, C14-urea, S35-thiourea, and C14-acetamide penetrated dentin rapidly. Each compound penetrated through approximately 3.5 mm. of dentin to reach the dentoenamel junction in about twenty minutes. Acetamide penetrated through the dentin (4.1 mm.) and faintly through the enamel (2.1 mm.) within twenty-two minutes at 370 C.
